• In the CES model of monopolistic competition, income redistribution has no effect.
Introduction
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having homothetic preferences. For example, a great many trade papers still assume that consumers have identical CES preferences within and across countries. This assumption implies that market demand depends only upon prices and the aggregate income of each country. As a consequence, trade flows are viewed as independent of the income distribution within trading partners, which hardly seems plausible (Fajgelbaum et al., 2011; Markusen, 2013) . To put it bluntly, a large share of the literature built on the CES model of monopolistic competition seems to ignore the basic microeconomic idea that income distribution (Hildenbrand, 1983) and preference heterogeneity (Grandmont, 1987) affect market demand and, as a consequence, the behavior of firms and the properties of the market equilibrium.
There are at least two ways to avoid this pitfall. In the first approach, individual preferences are non-homothetic and identical across consumers. Examples include Behrens and Murata (2007) , Zhelobodko et al. (2012) and Bertoletti and Etro (2013) . The second approach -the one adopted in this paper -is to introduce heterogeneity in consumers' tastes, while retaining the tractability provided by homothetic individual preferences. The reason why this approach may be conducive to new and relevant results is easy to pin down. As is well known, a necessary and sufficient condition for the market demand to depend solely on prices and the aggregate income is that individual consumers' preferences satisfy the Gorman form. If preferences are homothetic and nonidentical across consumers, this condition fails to hold, which implies a non-trivial relationship between market demand and income inequality.
We build a simple model in which firms' demands, whence the market outcome, are affected by income inequality. More concretely, we propose a model of monopolistic competition in which consumer heterogeneity stems from two sources: tastes and individual incomes. The key feature of our approach is the difference between individual and market demands. The widely accepted assumption of consumers endowed with identical preferences makes these models unable to generate non-trivial aggregate effects in market behavior. In the same spirit as Melitz (2003) , assuming heterogeneous consumers leads firms to face market demands that drastically differ from individual demands. Thus, heterogeneity in consumer preferences seems to be a fundamental ingredient that any model of monopolistic competition should take on board. We will see that the impact of income redistribution on the market outcome depends on how it affects the joint distribution of incomes and tastes, not just the income distribution. More precisely, prices, outputs and product diversity vary according to whether a redistributional income shock makes consumers endowed with high elasticities of substitution get richer or poorer after the redistribution. We will also show that an economy that grows richer need not enjoy more product diversity. Here also, the ultimate impact of rising incomes on the range of supplied varieties depends on how tastes and incomes are related.
Interestingly, the overall impact of income redistribution is captured through only one parameter-the weighted sum of individual elasticities of substitution, which depends on the joint distribution of tastes and incomes. This allows us to derive analytical results, unlike, for example, Yurko (2011) who has to run simulations in order to uncover the impact of income inequality on market prices and product diversity in the Gabszewicz and Thisse (1979) model of vertical differentiation.
Even though CES preferences are unable to reproduce several important empirical facts, we choose to work with such preferences because the new market demands we obtain exhibit appealing properties when consumers have different CES preferences. In addition, as long as we focus on redistributional income effects rather than market size effects, the CES assumption need not imply the empirical irrelevance of the model. Addressing the impact of income redistribution under non-homothetic preferences and heterogeneous consumers is beyond the scope of this paper.
To the best of our knowledge, our paper is the first one that brings together consumers' differences in incomes and tastes within the same framework. The two types of consumers' heterogeneities have been tackled separately in a handful of papers. Tarasov (2010) considers the effect of taste heterogeneity within a random utility setting and finds that the equilibrium price increases with individual consumer income. However, his model cannot be used to study the impact of income inequality, for individual incomes are the same across consumers. Di Comite et al. (2013) generalize the linear model of monopolistic competition by introducing consumer-specific horizontal and vertical differentiation parameters. However, their quasi-linear setting does not allow studying the impact of income dispersion. In a two-sector model with one CES-differentiated good, Benassi et al. (2005) show that an increase in income dispersion leads to a lower number of varieties. Foellmi and Zweimüller (2004) are closer to us. Using additive preferences, they show that an increase in income inequality leads to a higher (lower) market price and to more (less) product diversity if the inverse of the Arrow-Pratt measure of the per-variety utility is concave (convex) in the individual consumption level. Bertoletti and Etro (2013) use dually additive preferences and find that a mean-preserving spread decreases (increases) prices and the number of varieties when the demand elasticity is convex (concave) in price. In both cases, these conditions are independent of the income distribution. In contrast, our model highlights the role played by the interaction between income and taste heterogeneities in determining the market outcome. In particular, we show that the sign of the correlation between the two distributions is a key-factor in the market response to an income shock. In addition, we find that the equilibrium is affected by an income redistribution that keeps unchanged both total income and income variance across consumers. Therefore, the two approaches mentioned above are not equivalent.
The remaining of the paper is organized as follows. Section 2 describes the model. In Section 3 we derive a closed-form solution for the equilibrium outcome. Section 4 focuses on the impact of income redistribution on the market outcome, with a special emphasis on the toughness of competition. Section 5 concludes.
The model
The economy involves one sector supplying a horizontally differentiated good, one production factor-labor, and a unit population of heterogeneous consumers. The space of consumers Ω is endowed with a unit measure µ. The labor market is competitive.
We choose labor as the numéraire, which means that the price of one efficiency unit of labor is 1. Consumers are endowed with different numbers of efficiency units of labor. Therefore, they have different incomes. The differentiated good is made available under the form of a continuum of varieties of measure n > 0.
Unlike standard models of monopolistic competition, consumers are heterogeneous in both income and preferences. Income inequality stems from the assumption that consumers are endowed with different numbers of efficiency units of labor. Consumers have CES preferences but perceive varieties as being more or less differentiated. Formally, this means that the elasticity of substitution between any pair of varieties varies across consumers. In other words, the preference for variety is consumer-specific.
Consumer ω is thus fully characterized by a couple (y(ω), σ (ω)) where y(ω) > 0 is the consumer's income and σ (ω) > 1 the elasticity of substitution that captures how consumer ω perceives the differentiated varieties. In this context, the distribution of σ (·) across (Ω, µ) may be viewed as the univariate taste distribution, while the distribution of y(·) is the univariate income distribution.
The utility function of consumer ω is thus given by
.
(1)
Consumer ω maximizes her utility (1) subject to the budget
The demand of consumer ω for variety i is given by
where
is the price index common to the consumers sharing the same elasticity of substitution. Inspecting (2) reveals that the individual income acts as a consumer-specific demand-shifter, while the expenditure share p i x i (ω)/y(ω) on variety i also varies across consumers. Therefore, the aggregate demand faced by firm i is given by
Firms do not observe the individual characteristics y(ω) and σ (ω) and, therefore, cannot price discriminate across consumers.
Firms know only the demand functions (3). Unlike the individual demands (2), the market demand (3) is not isoelastic because σ (ω)
varies across consumers. As a consequence, the market demand faced by every firm depends on the income and taste distributions.
In the limiting case where consumers share the same preferences (σ (ω) = σ ), the market demand is (i) isoelastic and (ii) linear in total income
so that the way income is distributed across consumers has no impact on the market outcome. Each variety is produced by a single firm and each firm produces a single variety. Because consumers are heterogeneous, we find it reasonable to restrict the analysis to the case of homogeneous firms, for otherwise it would be difficult to ascertain the effects triggered by the heterogeneity of each type of agent. Hence, firms share the same technology and produce under increasing returns.
Let f > 0 be the fixed requirement of labor and c > 0 the marginal requirement needed to produce a variety. Since the price of an efficiency unit of labor is normalized to 1, the cost of producing q i units of variety i ∈ [0, n] is equal to f + cq i .
Each firm maximizes its profits:
where the price index P(ω) and the bracketed term can no longer be factorized because they are consumer-specific. As a consequence, firm's profits depend on the way the total income is distributed across consumers.
The market equilibrium
Applying the first-order condition to (4) yields the following equation:
Since firms are homogeneous, we focus on the symmetric equilibrium:
Combining (5) and (6) determines the equilibrium price common to all firms:
whereσ is the weighted average elasticity of substitution given bȳ
Thus, unless consumers have the same attitude toward product differentiation, the market price p * depends on the income and taste distributions through the value ofσ . Note that, at any symmetric outcome, we also have ε =σ where ε is the price-elasticity of the market demand. Thus, in equilibrium the price elasticity of the aggregate demand for each variety is equal to the sum of the individual elasticities weighted by the individual income shares.
Free entry implies that firms' profits are zero. As a consequence, firms have the same equilibrium size given by
which also depends on the income and taste distributions.
To pin down the equilibrium mass of firms, we integrate both sides of the budget constraints pnx(ω) = y(ω) across ω with respect to µ, which yields
The expressions (7), (9) and (10) are the same as those obtained in the Dixit-Stiglitz model provided thatσ is the common elasticity of substitution. Since consumer heterogeneity is captured by the sole parameterσ , our modeling strategy thus allows retaining the tractability of the Dixit-Stiglitz model. In addition, very much like the common elasticity of substitution in this model, the weighted average elasticity of substitutionσ may be viewed as a measure of the toughness of competition in a setting in which individual tastes and income are heterogeneous. Note also that our model can easily be extended to accommodate heterogeneous firms a la Melitz (2003) , thus allowing one to treat consumers' and firms' heterogeneity within the same simple setting.
Thus, everything seems to work as in the standard setting in which consumers would share the elasticity of substitution σ . What is new is thatσ varies with the joint distribution of y and σ .
The above expressions also imply that, by increasing (decreasing) the value ofσ , an income redistribution may generate very contrasted effects, which take the concrete form of higher (lower) prices and more (less) product diversity. In the next section, we will state a sufficient condition on the joint taste and income distribution for each type of effect to arise.
Note, finally, that weighting varieties in the CES, like in Hallak (2006), is not an alternative to our modeling approach. Indeed, if individual preferences are given by
where α i (ω) > 0 expresses a particular consumer's intensity of preference for variety i, it can be shown that all firms charge the same price σ c/(σ − 1), which is independent of the income distribution and of the number of firms. Thus, unlike (7), introducing the salience coefficients α i (ω) has no impact on the equilibrium price, which remains independent of the income distribution and the number of firms. However, total profits are not equal to zero anymore and the way they are distributed across consumers affects the income distribution.
Income redistribution matters
This section addresses the main issue of our paper: Does income redistribution affect the toughness of competition? When consumers have homogeneous tastes, the answer is known to be negative because only the total income matters. In contrast, when consumers have heterogeneous tastes, the answer is positive, the reason being that consumers' tastes and income interact to determine firms' demands given by (3). The crucial point in understanding our results is that the market outcome is affected by the joint distribution of taste and income, not just by the income distribution.
It turns out to be analytically convenient and intuitively appealing to use the language of probability theory, reinterpreting the variables y and σ as two random variables, Y and S.
1 In this context, the expression (8) can be rewritten as follows:
where E is the expectation operator defined over L 2 (Ω, µ). 
where corr(S, Y ) is the correlation coefficient between Y and S while V is the variance operator over L 2 (Ω, µ).
The expression (12) shows that the way incomes and tastes are related has an impact on the market outcome. More precisely, the weighted average elasticity of substitution, hence the toughness of competition on the product market, is determined only by the first two moments of the income-taste distribution and by the correlation between these two variables.
The following proposition is an immediate consequence of (12).
Proposition. Assume a given taste distribution and a mean-andvariance-preserving redistribution of income. Then, competition gets tougher (softer) if and only if the correlation coefficient between consumers' incomes and preferences for variety increases (decreases). Furthermore, the market outcome is unaffected if and only if these two variables are uncorrelated.
The economic intuition behind this proposition is easy to grasp. When incomes and tastes are correlated, a redistribution of income toward consumers endowed with high (low) elasticities of substitution implies that these consumers account for a larger share of the total demand than before redistribution. This leads to a higher (lower) value ofσ , hence to tougher (softer) competition. It then follows from (7), (9) and (10) that firms get bigger (smaller) and price their varieties at a lower (higher) level while the market involves less (more) product diversity. What is less straightforward is that a redistribution that leaves unchanged the mean and standard deviation of the income distribution has an impact on firms' market power. Since income redistribution may a priori increase or decrease the correlation between tastes and incomes, making predictions about the impact of a shock on income distribution seems to be a hard task, the reason being that this impact depends on individual preferences, which are not observable.
To illustrate how the interaction between the two distributions affects the market outcome, consider the following numerical example. There are two classes of consumers. The first one contains 1 We assume that Y , S ∈ L 2 (Ω, µ), for otherwise the correlation between Y and S, which plays a key role in our analysis, need not be defined. two consumers (1 and 2), while the second one involves three consumers (3, 4 and 5) . Each consumer belonging to the first (second) class has preferences described by σ 1 (σ 2 ) and owns 10 (100) units of the numéraire. After redistribution, 1 and 2 own 100 units of the numéraire, 3 and 4 have an income equal to 10 units, whereas 5 is unaffected. The share of consumers having 10 and 100 units of the numéraire is still equal to 2/5 and 3/5, respectively. Thus, the income distribution does not change. However, computing the correlation coefficient before (after) redistribution yields corr(Y , S) = sign(σ 2 − σ 1 ) (corr(Y , S) = −2/3 sign(σ 2 − σ 1 )). This means that the income redistribution generates a drop (hike) equal to 5/3 in the correlation coefficient when σ 2 > σ 1 (σ 2 < σ 1 ), thus leading to less (more) competition in the product market.
Thus, even in the extreme case in which both the univariate income and taste distributions remain the same, income redistribution may affect the joint distribution of (Y , S). More generally, provided that the income redistribution does not affect the first two moments of the income distribution, i.e. its mean and variance, the above proposition states that the market outcome changes solely with the correlation between Y and S.
In addition, (12) has further implications that confirm the interest of our approach for studying the impact of income dispersion. We first consider a mean-preserving income redistribution given by
where t ∈ (0, 1) is the income tax rate. Observe that the tax revenue becomes a subvention income when the consumer's gross income is smaller than the average income. Such an income redistribution among consumers reduces the variance V(Y ) by factor (1 − t) 2 . Since the correlation coefficient is invariant to an affine transformation such as (13) This corollary may be viewed as the counterpart of Foellmi and Zweimüller's (2004) result mentioned in the Introduction which, unlike ours, does not involve the income distribution. It is also consistent with Yurko (2011) who showed in a very different setting that a growing income inequality leads to a widening range of vertically differentiated varieties.
The last two corollaries refer to the effects of growing incomes. Thus, depending on consumers' attitude toward product differentiation, a uniform income hike may have opposite effects on both market prices and product diversity. In other words, a proportional income growth triggers more product diversity, but does not affect market prices. Corollaries 2 and 3 show that higher incomes may have very different impacts on the market outcome depending on the way individual incomes rise. This is to be contrasted with Tarasov (2010) who finds that under weak restrictions on the taste distribution an increase in consumers' income relaxes competition. This difference in findings highlights the importance of working with both types of heterogeneities to derive robust results.
Concluding remarks
We have developed a simple model of monopolistic competition with heterogeneous consumers in which firms do not face isoelastic demands. It has (at least) two main implications. First, we show that introducing taste and income heterogeneities need not result in analytical intractability. Although very simple, our model exhibits a wide range of predictions regarding the impact of income redistribution on the market outcome. The main reason for this is that tastes and incomes are not related in a way that seems compelling.
2 In the last analysis, determining the sign of the correlation coefficient and how this coefficient varies with the income and taste distributions is an empirical issue. For example, we may expect the calibration of CGE models to shed light on the relationships between the two distributions once these models recognize that consumers belonging to different socioeconomic classes may have different preferences over the same goods. Second, our model brings to the fore a new effect of redistributive policies: a policy that aims to reduce income disparities has a positive or negative impact on the toughness of competition and thus affects consumers' welfare through a new channel that has been largely ignored until now. In particular, by affecting the extent of product variety, income redistribution generates an indirect effect that magnifies or conflicts with the direct effect of the redistribution policy.
Our model retains the tractability of the standard CES model. For this reason, we believe that it can be used to revisit several issues where the Dixit-Stiglitz model has been applied. One example that suggests itself is trade theory where the assumption of identical CES consumers implies that the demand for different goods is the same within the same country, while the demand for the same good sold across different countries is also the same. These restrictive assumptions have led scholars to introduce firmdestination random shocks to match features of the data (see, e.g. Bernard et al., 2011) . In this respect, our model provides a richer micro-founded alternative to what looks like a deus ex machina. In addition, the model can be used to uncover new effects of
